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Five cases of Legionnaires' disease caused by
Legionella dumoffli were identified within an
11-month period in a hospital in the Quebec
City area. In four cases bacterial isolates were
obtained from clinical specimens, and in one
case seroconversion was demonstrated. All the
patients had been admitted to hospital within 10
days before diagnosis. Two of the patients were
immunosuppressed children. Only 1 of the 40
hot water samples from the hospital yielded L.
dumoffi; however, 6 of 11 distilled water sam-
ples contained the bacterium. All the patients
had been exposed to distilled water, four
through respiratory therapy equipment and one
through a room humidifier. Following the use of
sterile distilled water in the apparatus, no fur-
ther cases were identified. This is the first
reported outbreak of Legionnaires' disease
caused by L. dumoffli, and it is the first time
that nosocomial legionellosis has been linked to
contaminated distilled water in Canada.

En 11 mois on reconnait cinq cas de maladie du
legionnaire par Legionella dumoffli dans un
hbpital de la region de Quebec. On isole le
microbe quatre fois et demontre une fois la
seroconversion. Tous les malades, y compris
deux enfants en immunosuppression, ont ete
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hospitalises moins de 10 jours avant que le
diagnostic soit pose. On trouve le germe causal
dans seulement 1 echantillon d'eau chaude sur
40, mais dans 6 Echantillons sur 11 d'eau distil-
lee. Celle-ci a servi k traiter tous les malades:
quatre d'entre eux par l'appareillage de thera-
peutique respiratoire, un autre par un humidifi-
cateur de l'air ambiant. Des remplacement de
l'eau distillee par l'eau sterilisee, on cesse d'ob-
server des cas de maladie du lIgionnaire. I1
s'agit de la premitre dpiddmie de cette maladie
causde par ce germe et de la premibre ddmons-
tration au Canada de transmission nosocomiale
d'une lEgionellose par l'eau distillde.

N T umerous outbreaks of nosocomial Legion-
naires' disease have been reported in the
last few years.1-4 In most instances the

infections were caused by a serogroup of Legionel-
la pneumophila. However, L. micdadei has occa-
sionally been found to be responsible for such
outbreaks.5 In most cases the infections were
linked to contaminated heat-exchange apparatus
(e.g., cooling towers and evaporative condensers)'
or potable water distribution systems.2-5

Cases of Legionnaires' disease caused by spe-
cies other than L. pneumophila or L. micdadei are
rare.6'7 We identified five cases of nosocomial
legionellosis caused by L. dumoffii within an
11-month period in one institution. All five pa-
tients were exposed to contaminated distilled wa-
ter.

Methods

Patients were considered to have Legion-
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naires' disease caused by L. dumoffii if they had
signs and symptoms of pneumonia and fulfilled at
least one of the following criteria: isolation of L.
dumoffii from tracheobronchial secretions or lung
tissue; positive results of direct fluorescent anti-
body testing of sputum samples or lung tissue
homogenates for L. dumoffli; or a fourfold or
greater increase in the titre of antibody to L.
dumoffii (to at least 1:128) between acute-phase
and convalescent-phase serum samples, as deter-
mined by indirect immunofluorescence.

Sputum specimens and lung tissue homogen-
ates were cultured on buffered charcoal yeast
extract (BCYE) medium supplemented with 1%
a-ketoglutarate and on BCYE medium supple-
mented with cefamandole (Mandol), polymyxin B
and anisomycin (BMPA), a semiselective medium
for Legionellaceae.8'9 Plates were incubated for 10
days at 37°C and examined daily. Colonies with
morphologic features similar to those of Legionel-
laceae were cultured on BCYE medium without
L-cysteine. Those that failed to grow on this
medium were examined by direct immunofluores-
cence with monospecific antisera. The L. dumoffii
isolates stained intensely with an anti-L. dumoffii
antiserum but not with antibody conjugates to L.
pneumophila serogroups 1 to 8, L. micdadei, L.
bozemanii, L. gonnanii, L. Jongbeachae serogroups
1 and 2 and L. jordanis. The isolates were further
typed by multilocus enzyme electrophoresis.10
They had an identical enzyme pattern (Toni C.
Woods, PhD, and Roger M. McKinney, PhD,
Centers for Disease Control, Atlanta: personal
communication, 1986).

The direct immunofluorescence procedure de-
scribed by Cherry and colleagues11 was performed
retrospectively with an anti-L. dumoffii antiserum
on clinical samples, which had been stored at
- 70°C, from the patients with L. dumoffii pneu-
monia and from 10 patients with other types of
pneumonia. The samples were coded and were
examined by two observers.

Titres of antibody to L. dumoffii were deter-
mined by the indirect immunofluorescence proce-

dure of Wilkinson and associates"2 with heat-killed
antigens. Early- and late-phase serum samples
from a patient with culture-proven L. dumoffli
infection were used as positive and negative con-
trols. All serum specimens were run in parallel.

Hot water samples were collected from vari-
ous areas of the hospital, including rooms where
patients with legionellosis had stayed. Distilled
water samples were collected from the reservoir
that supplied the respiratory therapy equipment
and from various outlets in the hospital. The
samples were cultured on BCYE medium and
BMPA and were concentrated 100-fold by cen-
trifugation at 5000 X g for 30 minutes and resus-
pension of the sediment in an aliquot of the
supematant. Incubation of plates and identification
of Legionella were performed as for the clinical
samples.

Results

Five patients fulfilled the diagnostic criteria for
L. dumoffli infection. Four had positive results of
culture, and in one seroconversion occurred and
direct fluorescent antibody testing gave a positive
result. In all five cases at least two of the three
laboratory procedures gave positive results (Table
I). Four of the patients were male, and two of the
five were under 2 years of age. Four patients
(including the two children) were receiving high
doses of oral or parenteral steroids for underlying
conditions. The remaining patient had gastric carci-
noma, and Legionnaires' disease developed after
surgery while the patient was receiving assisted
ventilation. The signs, symptoms and radiologic
features of the patients were similar to those found
in patients with Legionnaires' disease caused by
other species of Legionella. In three patients (in-
cluding one child) legionellosis contributed to
death despite adequate treatment with erythromy-
cin. All three had severe underlying diseases
(selenium intoxication, gastric carcinoma and se-
vere emphysema).
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Of the 40 hot water samples collected in
various areas of the hospital, all but 1 gave
negative culture results. The sample with a positive
result yielded only two colonies of L. dumoffii and
came from an area where no cases had been
identified. Distilled water was collected from the
reservoirs of two nebulizers, and L. dumoffii was
isolated in both cases. Distilled water samples were
then collected at 11 sites, and six were found to
contain L. dumoffii.

Discussion

The occurrence of five cases of Legionnaires'
disease in a single hospital strongly suggested a
common source. The isolated organism, L. dumof-
fii, is usually a rare cause of legionellosis, and most
reported cases are sporadic and community-
acquired. In outbreaks of Legionnaires' disease
caused by other species of Legionella, hospital
ventilation or potable water systems have been
implicated as sources of infection. In this outbreak
the air conditioning system could not be implicated
since it was not in use when the cases occurred.
Following the first two cases, in the spring of 1984,
we initially focused our attention on the potable
water system. The isolation of L. dumoffii from
only one outlet was not considered sufficiently
conclusive to initiate eradication procedures. In-
deed, Best and colleagues"3 have suggested that
nosocomial legionellosis occurs only when over
30% of potable water samples are contaminated
with Legionella.

Between April and December 1984 no further
cases were diagnosed despite continued surveil-
lance. The diagnosis of three additional cases of
Legionnaires' disease caused by L. dumoffii, in late
December 1984 and January 1985, prompted inten-
sive investigation into the source. The fact that all
three patients had been exposed to respiratory
therapy equipment led to the hypothesis that
aerosolized water from the equipment could be
implicated. Aerosolized tap water from respiratory
devices has previously been reported to cause
Legionnaires' disease,1415 but no documented cases
had previously been linked to aerosolized distilled
water. The isolation of L. dumoffii from the nebu-
lizer reservoir in two cases strongly suggested a
causal relation. Further investigation revealed that
unsterile distilled water had been used in this
apparatus.

In this institution distilled water is produced
locally and is distributed to laboratories and other
hospital facilities by an independant plumbing
system. Hospital wards and units receive bottled
distilled water from a central distribution unit,
where all bottles are filled at a single tap. Water
from this outlet was found to be contaminated by
L. dumoffii. Review of the clinical records of the
patients with Legionnaires' disease revealed that
all had been exposed to aerosolized distilled water,
four through respiratory therapy equipment and

one through a bedside room humidifier.
The presence of L. dumoffii in the hospital

distilled water supply was further confirmed by the
isolation of the bacterium from 6 of the 11 cultured
samples. The origin of the contamination was
obscure. Maintenance employees did, however,
confirm that the water distillation system occasion-
ally malfunctioned. When it did, potable hot water
could overflow in either of the two reservoirs
located on the top of the building, where the
ambient temperature is between 35°C and 40°C.
Although we were unable to isolate L. dumoffii
from either of the reservoirs, we postulated that
when a malfunction occurred the distilled water
was seeded with L. dumoffii present in the tap
water. The bacteria then multiplied and colonized
the distribution system.

As soon as the origin of the bacterium was
found, sterile distilled water was distributed
throughout the hospital. Surveillance for additional
cases of legionellosis was continued, but no further
cases have been identified, despite the fact that the
hospital's distilled water is still contaminated by L.
dumoffii.

The diagnosis of Legionnaires' disease was
easily made in all five patients. The importance of
bacterial culture for Legionella cannot be overem-
phasized. In the first case of Legionnaires' disease
in this outbreak culture gave positive results. Since
this patient clearly had a nosocomial infection,
serologic testing for L. dumoffii was performed in
all further cases of atypical nosocomial pneumonia.
This led to the detection of the second case.
Although the initial environmental investigation
was unsuccessful, the second cluster of cases was
more rapidly identified, and this led to identifica-
tion of the source of infection.

We thank Toni C. Woods and Roger M. McKinney, of
the Centers for Disease Control, Atlanta, for subtyping
the strains of L. dumoffii.
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Shared pain

The mind may undoubtedly affect the body; but the body also affects the mind. There is
a re-action between them; and by lessening it on either side, you diminish the pain on
both.

- Leigh Hunt (1784-1859)
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